Introduction
============

Hyperlipidemia is a blood lipids disorder that involves abnormally elevated levels of any or all lipids in the blood. It is classified as primary hyperlipidemia, which is induced by genetic problems, and secondary hyperlipidemia, which is induced by other factors, such as disease, therapeutics, and abnormal diet \[[@B1],[@B2]\]. An increase in blood lipids contents often results in abnormal blood clots, stroke, and myocardial infarction \[[@B3]-[@B7]\]. An excessive dietary intake is one of the key causes of hyperlipidemia and is closely related to obesity and diabetes \[[@B8]-[@B10]\].

Obesity patients showed elevated lipid concentrations in blood and enlarged fat masses \[[@B11],[@B12]\]. Since white adipose tissue is the main energy reserve in the human body, the way of regulating the size and number of adipocytes has been considered as a means to overcome obesity \[[@B13]\]. Recent studies have shown that many natural agents induce anti-adipogenic activity. Green tea extracts, for example, have been reported as having anti-differentiation activity of preadipocytes and anti-obesity effects \[[@B14],[@B15]\], and administration of perilla leaf extract reportedly ameliorates obesity and dyslipidemia induced by a high-fat diet \[[@B16]\]. Type I and II diabetes patients should be administrated insulin and therapeutics, respectively; however, repeated insulin treatments often induce hyperglycemia and anti-diabetes therapeutics have shown secondary effects \[[@B17],[@B18]\]. For these reasons, there is an increased interest in developing alternative medicines, including natural herbs and traditional food extracts.

*Rhynchosia nulubilis* seed (RNS) is a kind of small black soybean and it is a species of legume native to East Asia. It has been used as an antioxidant in oriental medicine, and studies have documented its disease-ameliorating effects \[[@B19]-[@B21]\]. Black soybean has immune-modulating properties and antitumor effects \[[@B22]\], anthocyanins from black soybean seed coats have a protective effect on UVB-induced apoptotic cell death \[[@B23]\], and the polysaccharide of black soybean is reported to have myelopoiesis-promoting effects \[[@B24]\]. Daily intake of black soybean has also been reported as attenuating the risk of breast cancer \[[@B25]\]. In Korea, RNS has been widely used as a rice supplement and for making several combined foods. Among them, pickled RNS with brown rice vinegar (RNSpBRV) is a well-known RNS-based food that is considered to be a healthy food item because of its nutritional combination of RNS and BRV.

Vinegar is used throughout the world as a food additive, preservative, and ingredient in salad dressing, and various types of vinegar can be made by using different crops. Vinegar has recently been targeted as a medical food because acetic acid, which is the main ingredient of vinegar, is reported to have anti-hyperlipidemic activity \[[@B26],[@B27]\]. Since vinegar also has many other ingredients and RNSpBRV is composed of two main ingredients (RNS and BRV), it is possible that RNSpBRV has ameliorating anti-hyperlipidemic activity.

Although in Korea RNSpBRV is known to decrease blood lipids, there has been no published report on the anti-hyperlipidemic and anti-aidpogenic potential of RNSpBRV. Thus, the aims of this study were to investigate the anti-adipogenic activity of RNSpBRV *in vitro* and to evaluate the anti-hypherlipidemic effect of RNSpBRV on mice fed a high-fat diet.

Materials and Methods
=====================

Chemicals
---------

Dimethyl sulfoxide (DMSO) was obtained from Sigma-Aldrich (cell culture grade, D2650, Yongin, Korea). HPLC grade Methanol (cat\#:646377) and 1-(4,5-dimethylthiazol-2-yl)-3,5-diphenyltetrazolium bromide (MTT) (cat\#:M2003) were obtained from Sigma Aldrich (Yongin, Korea).

Preparation of RNS, BRV and RNSpBRV
-----------------------------------

*Rhynchosia nulubilis* seed and brown rice vinegar were purchased from a local Nonghyup market (Seoul, Korea). RNSpBRV was made by soaking RNS in BRV (1:2, w/v) at 4℃ for 1 month. For the 3T3-L1 cell differentiation inhibition assay, the liquid fraction of RNSpBRV and the solid fraction of RNSpBRV were separated, dried, powdered, and extracted with 90% methanol. Total RNSpBRV without separation was lyophilized and the resulting powder used for the animal study.

Cell culture
------------

3T3-L1 adipocytes were obtained from the American Type Culture Collection and cultured in DMEM (BRL, Grand Island, NY) with 10% fetal bovine serum (BRL), 1% (v/v) 100 µM pyruvate, 100 units/ml of penicillin, and 100 µg/ml of streptomycin. 3T3-L1 cells were differentiated according to Harmon et al. \[[@B28]\]. Briefly, confluent 3T3-L1 adipocytes were cultured for an additional 2 days, and differentiation was initiated by adding 0.5 mM 3-isobutyl-1-methylxanthine, 0.5 µM dexamethasone, and 10 µ g/ml insulin to the culture medium. After 72 h in the culture, the medium was changed to DMEM with 10% FBS. The media was changed every 2 days until analysis on days 9-10. Each of the two methanol extracts, which were reconstituted in 1000 µ g/ml stock solution in DMSO and filter sterilized, was added to the media after differentiation had been initiated. The final concentration of DMSO was adjusted to 0.1%. For the vehicle control, 0.1% DMSO was used instead of the test compound.

Measuring 3T3-L1 adipocyte differentiation
------------------------------------------

Following the 9-10 days of incubation with the extracts (described above), cells were washed with PBS, fixed in 4% paraformaldehyde for 20 min, and stained with 0.5% Oil red O solution (Sigma-Aldrich, Yongin, Korea) for 1 h at room temperature. After washing with water several times, isopropanol was added to resolve the Oil red O solution stained in lipid droplets. Absorbance was measured at 500 nm (Model 680 microplate reader, Bio-Rad, Hercules, CA).

Cytotoxicity assay
------------------

3T3-L1 adipocytes were seeded in a 96-well plate at a density of 1.5 × 10^5^ cells/well. Twenty-four hours after plating, extracts were added to the cell culture medium at various concentrations to reach the final concentration from 10^2^ to 10^7^ ng/ml and left at 37℃ for 24 h. MTT solution (5 mg/ml) was then added, and the culture was incubated for 3 h, after which DMSO was added to dissolve the fromazan crystals. The absorbance at 540 nm was measured with a microplate reader (Model 680 microplate reader, Bio-Rad, Hercules, CA).

Animals
-------

Two-week-old male ICR mice were purchased from Daehan Biolink (Eumseon, Korea). After 1 week of adaptation, mice were divided into three groups: high fat diet (HFD) (n = 5), HFD + RNSpBRV 1% (n = 5), and HFD + RNSpBRB 5% (n = 5). Mice in the HFD group were fed a high-fat diet *ad libitum* for 5 weeks. HFD + RNSpBRV 1%, and HFD + RNSpBRV 5% groups were fed a HFD supplemented with 1% and 5% RNSpBRV powder, respectively. The composition of each diet is shown in [Table 1](#T1){ref-type="table"}. Body weight and food intake were measured every 3 days and 1 day, respectively. Care and treatment of the animals conformed to the Sungkyunkwan University guidelines for the Ethical Treatment of Laboratory Animals (Sikgi 2012-02).

Animal treatment and plasma analysis
------------------------------------

All mice were fasted for 16 h and then sacrificed under ether anesthesia. Tissue samples were dissected, rinsed with PBS, wiped with filter paper, and then weighed. Blood samples were collected from the abdominal aorta and centrifuged at 2500 g for 15 min at 4℃ to separate the serum. All samples were kept at -80℃ until analyzed. Blood glucose, total cholesterol, plasma triglyceride (TG), high-density lipoprotein (HDL) cholesterol, glutamic-oxaloacetic transaminase (GOT), and glutamic-pyruvic transaminase (GPT) concentrations were measured using a commercial kit (Spotchem SP-4410, Arkray Inc, Kyoto, Japan). Low-density lipoprotein (LDL) cholesterol was manually calculated according to Friedewald WT et al. \[[@B29]\].

Adipose tissue weight and adipocyte size
----------------------------------------

Epididymal white adipose tissue was weighed, fixed with 10% paraformaldehyde solution, and embedded in paraffin. Sections (4 µm thick) were cut and stained with hematoxylin and eosin. All images were taken with an optical microscope (Axioplan2 imaging; Zeiss, Jena, Germany), and the size of cells was calculated by using an image analyzer (Analysis 3.2; Softimaging System, Jena, Germany).

Statistical analyses
--------------------

The results are presented as mean ± standard deviation, and the data were analyzed by one-way analysis of variation (ANOVA) using XLSTAT program (Addinsoft, NY, USA). It was followed by the Student-Newman-Keuls test. *P* values of 0.05 were considered significant.

Results
=======

Cell viability and inhibition of lipid droplet formation on 3T3-L1 adipocytes
-----------------------------------------------------------------------------

To check the inhibitory activity in adipocyte differentiation, methanol extracts of RNS, BRV, liquid fraction of RNSpBRV (LF-RNSpBRV), and solid fraction of RNSpBRV (SF-RNSpBRV) were used in the lipid droplet formation assay. An MTT assay was performed to determine the cytotoxicity of each extract. As shown in [Fig. 1A](#F1){ref-type="fig"}, the addition of up to 1 mg/ml of each methanol extract showed almost no cytotoxicity on 3T3-L1 cell proliferation. Based on these data, 3T3-L1 adipocytes were exposed to each methanol extract (0.1 mg to 1 mg). Intracellular lipid droplets were stained with Oil Red O and quantitated to check the effect of each extracts on lipid accumulation. Reduced Oil red O staining occurred with treatment of BRV (20.7%, *P* \< 0.05) as compared to the control cells. However, there was no significant suppression in cells treated with RNS. Interestingly, although methanol extraction of RNS seems to have little effect on lipid accumulation, methanol extracts of the solid fraction of RNS pickled in BRV (SF-RNSpBRV) suppressed lipid droplet formation (22.6%, *P* \< 0.05). In addition, the highest suppressive effects (42.1%, *P* \< 0.05) occurred in methanol extracts of LF-RNSpBRV-treated 3T3-L1 adipocytes ([Fig. 1B](#F1){ref-type="fig"}). These results suggested that RNSpBRV have enhanced suppressive activity of lipid accumulation than RNS and BRV alone. Hence, we selected RNSpBRV for further animal studies.

Administration of RNSpBRV powder to mice fed a high-fat diet
------------------------------------------------------------

Since RNSpBRV showed a suppressive role in lipid accumulation on 3T3-L1 adipocytes, RNSpBRV powder was prepared by lyophilizing total RNSpBRV without separating the liquid and solid fractions. As shown in [Table 2](#T2){ref-type="table"}, RNSpBRV supplementation did not affect body weight, food intake ([Table 2](#T2){ref-type="table"}), or selected organ weights ([Table 3](#T3){ref-type="table"}). However, administration of 5% RNSpBRV (160.3 ± 29.2 mg/dl) significantly reduced the level of blood glucose by 18.8% compared to the HFD group (197.0 ± 34.9 mg/dl). In addition, levels of total cholesterol (169.5 ± 30.8 mg/dl) and TG (67.8 ± 13.8 mg/dl) were significantly reduced in mice fed RNSpBRV 5% by 18% and 17.6%, respectively, compared to the HFD groups (total cholesterol 206.7 ± 39.7 mg/dl; TG 82.2 ± 12.5 mg/dl). Interestingly, levels of HDL cholesterol were significantly increased in both 1% and 5% RNSpBRV-fed mice groups (146.2 ± 6.7 mg/dl, 137.4 ± 14.2 mg/dl, respectively) compared to HFD-fed mice (116.0 ± 15.5 mg/dl) ([Table 4](#T4){ref-type="table"}). In addition, administration of RNSpBRV showed the decreased LDL cholesterol levels in 1% and 5% RNSpBRV-fed mice groups (41.3 ± 13.9 mg/dl, 18.5 ± 13.8 mg/dl, respectively) compared to HFD-fed mice (74.6 ± 21.7 mg/dl).

Adipose tissue histopathology
-----------------------------

To further investigate whether the administration of RNSpBRV is effective in adipose tissue formation *in vivo*, we measured the fat mass and adipocyte size in ICR mice. As showed in [Table 3](#T3){ref-type="table"}, administration of RNSpBRV did not affect the total mass of epididymal fat tissue. However, the mean size of epididymal cells were significantly decreased in the 1% RNSpBRV-treated group (122.8 ± 14.8 µm) and was further reduced in the RNSpBRV5 group (99.6 ± 17.8 µm) compared to HFD-fed mice (203.2 ± 27.2 µm) ([Fig. 2B](#F2){ref-type="fig"}). The total number of epididymal cell did not change (data not shown), but larger epididymal cells tended to decrease in size in RNSpBRV-administrated ICR mice ([Fig. 2A](#F2){ref-type="fig"}).

Limitation of power calculation in vivo study
---------------------------------------------

In our study, although administration of RNSpBRV (5% of ingredient) showed anti-hyperlipidemic activities such as improved lipid profile ([Table 4](#T4){ref-type="table"}) and size reduction of adipocyte in high fat diet fed mice ([Fig. 2B](#F2){ref-type="fig"}), the amount of RNSpBRV (5% of ingredient) was not enough to reduce the body weight ([Table 2](#T2){ref-type="table"}) as well as fat weight compared with HFD fed mice ([Table 3](#T3){ref-type="table"}). These results may come from the limited sample size of RNSpBRV *in vivo* study.

Discussion
==========

Hyperlipidemia can be managed by diet, exercise, anti-hyperlipidemic therapeutics, and insulin treatment. Because insulin therapy and anti-hyperlipidemic agent treatment have side effects, efforts have focused on finding safer and more effective natural anti-hyperlipidemic sources \[[@B30],[@B31]\]. In this study, we investigated the anti-hyperlipidemic effect and anti-adipogenic activity of RNSpBVP. Since RNSpBRV is made by soaking RNS in BRV, we first compared the inhibitory effects in lipid accumulation of 3T3-L1 adipocytes by adding methanol extracts of RNS, BRV, SF-RNSpBRV, and LF-RNSpBRV. Interestingly, although methanol extracts of BRV showed significant anti-adipogenic activity, administration of LF-RNSpBRV showed increased anti-lipid accumulation activity in 3T3-L1 adipocyte. In addition, methanol extracts of SF-RNSpBRV also showed anti-adipogenic activity despite no significant change in cells treated with RNS ([Fig. 1B](#F1){ref-type="fig"}). These results suggest that RNSpBRV has an anti-lipid accumulating effect in differentiated 3T3-L1 adipocytes and RNSpBRV has more anti-adipogenic potential than RNS and BRV. Because lipogenesis is an important process in lipid homeostasis \[[@B32],[@B33]\], investigation of anti-adipogenic activity is a valuable method for determining anti-hyperlipidemic potential. Until now, many natural sources which contain anti-adipogenic activity have been screened by phytochemical studies. For examples, methanol extract of *idesia polycarpa* showed inhibitory effect in adipocyte differentiation \[[@B34]\]. Various Korean cereals such as *setaria italic beauvois* and *panicum miliaceum* L. were revealed to have anti-adipogenic activities \[[@B35]\] and phenolic compounds with anti-adipogenic activity were isolated from the aerial parts of *pulsatilla koreana* \[[@B36]\]. However, to our knowledge, our study is the first investigation of anti-adipogenic activity of RNSpBRV, a Korean RNS-based food. Because anti-adipogenic activity occurred with both SF-RNSpBRV and LF-RNSpBRV, we investigated regulating the effects of blood lipids levels *in vivo* using RNSpBRV powder. Daily supplement of 1% and 5% RNSpBRV powder for 5 weeks did not decrease body weight or organ weight (including the liver) in HFD-fed mice ([Table 3](#T3){ref-type="table"}). In addition, there were no significant differences in GOT and GPT between HFD-fed and HFD + RNpBRP 5%-fed mice (data not shown). These data suggest that, although not sufficient for decreasing body weight of HFD-fed mice, administration of up to 5% RNSpBRV powder does not induce liver toxicity.

It has been reported that increasing TG and decreasing HDL cholesterol levels are highly associated with obesity \[[@B37]\] and high level of TG was reported to be a risk factor in cardiovascular disease \[[@B38]\]. High levels of cholesterol and LDL cholesterol increase the risk of coronary heart disease \[[@B39],[@B40]\]. However, high HDL cholesterol has a role in transporting excess cholesterol to the liver \[[@B39]\]. Because RNSpBRV showed anti-adipogenic activity *in vitro*, we next investigated the effect of RNSpBRV in the control of blood glucose, TG, total cholesterol, and HDL cholesterol *in vivo*. As indicated in [Table 4](#T4){ref-type="table"}, RNSpBRV showed a regulatory role for blood glucose and lipids content. Although a 1% RNSpBRV supplement did not appear to be sufficient for downregulating blood glucose, TG, and total cholesterol levels of HFD-fed mice, when the quantity of RNSpBRV was increased to 5%, levels of blood glucose, TG, and total cholesterol were decreased compared to the HFD-fed mice. Moreover, HDL cholesterol content significantly increased even in the HFD + 1% RNSpBRV-fed groups. Interestingly, LDL cholesterol was significantly decreased in RNSpBRV fed groups. These results demonstrate that RNSpBRV has a strong anti-hyperlipidemic potential.

It is well known that hyperlipidemia is closely linked to obesity. Since adipose tissue, which is an active endocrine and paracrine organ, is where fat accumulation occurs, measuring the cell number and size of adipocytes in adipose tissue has been used to determine the degree of obesity. Actually, administration of germinated brown rice extract to obesity mice showed anti-obesity effect with decreased size of adipose tissue \[[@B41]\]. Rapha diet which containing silkworm pupa peptide, *Garcinia cambogia*, white bean extract, mango extract, raspberry extract, cocoa extract and green tea extract also showed the anti-obesity effect with reduced fat weight and decreased size of epididymal, perirenal and mesenteric adipocyte \[[@B42]\]. In this study, although the total weight of epididymis fat did not differ among groups ([Table 3](#T3){ref-type="table"}), we found that administration of RNSpBRV reduced the size of epididymis fat cells when compared to those of HFD-fed mice ([Fig. 2](#F2){ref-type="fig"}). This result strongly supports the fact that administration of RNSpBRV could regulate the hyperlipidemia related adipocyte cell metabolism *in vivo*.

Metabolic disease, such as hyperlipidemia and obesity, is gradually increasing, and numerous pharmaceutics for \"curing\" these diseases have been developed. Natural compounds are an attractive source for treating metabolic disease because of their lower potential to cause side effects, such as headache and heart attack. For these reasons, recent studies have focused on investigating the anti-hyperlipidemic and anti-obesity properties from natural herbs. Traditional foods are good sources for screening the unknown effects of agents controlling disease. In addition, it has great advantage in adapting to human. In this report, we examined the anti-adipogenic effects of RNSpBRV, a Korean traditional food, using 3T3-L1 adipocytes. We investigated the anti-hyperlipidemic effects of RNSpBRV in mice fed a HFD. Although the amount of RNSpBRV that we used in these experiments (1-5% of ingredients) seemed to be insufficient for showing its full effects in reducing body and epididymis fat weight, it clearly showed an effect on lowering blood glucose, TG, and total cholesterol levels of HFD-fed mice and reduced the size of epididymis fat cells. This is a limitation of our study that insufficient amounts of RNSpBRV were used *in vivo* study resulted in reduced power of RNSpBRV. Therefore, further study is needed to increase the sample size of RNSpBRV *in vivo* experiments and to determine the chemical identity of RNSpBRV and the molecular mechanism that regulates adipocyte differentiation and lipid metabolism.
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![**The anti-adipogenic effect of methanol extract of RNS, BRV, SF-RNSpBRV, and LF-RNSpBRV.** (A) 3T3 L1 adipocytes were treated with four types of methanol extracts (10^2^ to 10^7^ ng/ml) for 24 h. Cell viability was measured by an MTT assay. (B) Differentiated 3T3 L1 adipocytes were treated with four types of methanol extracts (0.1 mg/ml and 1 µg/ml) from the start of differentiation. Lipid accumulation rate was compared by calculating the Oil red O staining at OD = 500 nm. RNS and BRV mean *Rhynchosia nulubilis* seeds and brown rice vineagar respectively. LF and SF are the liquid fraction of RNSpBRV and the solid fraction of RNSpBRV, respectively. Each data value is expressed as the mean ± SE for at least three independent experiments. ^\*^*P* \< 0.05 compared with the control.](nrp-7-453-g001){#F1}

![**Adipocyte size in ICR mice fed a high-fat diet alone or supplemented with RNSpBRV for 5 weeks.** (A) Representative area of epididymal fat tissues of (a) HFD-, (b) HFD+1%RNSpBRV-, and (c) HFD+5%RNSpBRV-fed mice. Epididymal fat tissues were isolated, fixed, and embedded in paraffin. Epididymal fat adipocytes were visualized by hematoxylin and eosin staining. The scale bar represents 200 µm. (B) Epididymal fat adipocyte size was measured by using a microscope and quantified using an image analyzer. More than 100 cells in three representative areas were measured. Each data value is expressed as the mean ± SE. ^\*^*P* \< 0.05 compared with the HFD fed mice group.](nrp-7-453-g002){#F2}

###### 

Ingredient composition of each diets (g/100g)

![](nrp-7-453-i001)

^a^ AIN-9G mineral and AIN93G vitamin Mixture (Reeves, 1993)

###### 

Effect of RNSpBRV on food intake and body weight gain

![](nrp-7-453-i002)

ICR mice (n = 5 per group) were used for weight measurement for 5 weeks. Values represent the mean ± SD. The data were analyzed by ANOVA, and the different letters in same line indicate statistically significant difference (*P* \< 0.05).

###### 

Effect of RNSpBRV on Epididymis fat and each organ weights in HFD diet fed mice

![](nrp-7-453-i003)

ICR mice (n = 5 per group) were used for weight measurement for 5 weeks. Values represent the mean ± SD. The data were analyzed by ANOVA, and the different letters in same line indicate statistically significant difference (*P* \< 0.05).

###### 

RNSpBRV downregulated the blood glucose and improved lipid profile in HFD fed mice

![](nrp-7-453-i004)

ICR mice (n = 5 per group) were used for weight measurement for 5 weeks. Values represent the mean ± SD. The data were analyzed by ANOVA, and the different letters in same line indicate statistically significant difference (*P* \< 0.05).
